Single nutrients or food groups have been associated with physical performance. However, little is known about the association of overall diet quality with hand grip strength (HGS), a predictive parameter in the prognosis of chronic disease morbidity and mortality, or quality of life. This study examined the association between HGS and three indices-the Korean Healthy Eating Index (KHEI), the Alternate Mediterranean Diet (aMED), and Dietary Approaches to Stop Hypertension (DASH)-using data obtained on Korean elderly persons aged ≥65 years (n = 3675) from a nationally representative database. The cross-sectional data was collected as part of the Korea National Health and Nutrition Examination Survey (KNHANES, 2014(KNHANES, -2016. Dietary intake data from the 24-h recall method were used to calculate diet quality scores. The cutoff value for low HGS was defined as the value corresponding to the lowest 20th percentile of HGS of the study population (men, 28.6 kg; women, 16.5 kg). Higher index scores for diet quality were associated with 32%-53% lower odds of low HGS. Better overall diet quality may be associated with higher HGS in the elderly Korean population.
Introduction
Aging is accompanied by widespread and typical changes in the human body. The most prominent physical change that occurs during the aging process is the loss of muscle mass, resulting in decreased muscle strength [1] . Reduced muscle strength is linked to a loss of independence and an increased risk of reduced mobility, disability, and mortality [2] . Muscle strength is one of the most decisive indicators of health status in older adults [3] , and therefore, maintaining muscle strength is very important for reducing functional limitations in older adults.
Hand grip strength (HGS) is recognized as a general indicator of overall muscular strength [4] , as well as an important biomarker of health and disease status [5] . HGS has been reported to be associated with various chronic diseases, including cardiovascular disease, diabetes, and metabolic syndrome [6] [7] [8] [9] . Moreover, the predictive validity of HGS for decline in cognition, mobility, and mortality was established in a recent systematic review and meta-analysis [10] .
HGS can be influenced by many factors, such as age [11] , gender [12] , race [13] , and exercise [14] . Nutritional status is one of the major determinants of HGS with aging. Many studies have reported a link between HGS and intake of specific single nutrients, including protein [15] , vitamin D [16] , and antioxidants, like carotenoids [17] , vitamin E [18] , vitamin C [19] , and selenium [20] . However, recent dietary research has focused on the whole diet, rather than single nutrients or individual food groups, because dietary components are consumed in combination and interact with one categories according to the number of days when strength exercise occurred within week prior (none, 1 day/week, 2 days/week, 3 days/week, 4 days/week or ≥5 days/week). For women, the age at menarche was recorded.
Dietary Assessment
KNHANES conducts a 24-h recall survey for all participants aged over 12 months (1-80 years of age), whereas the food frequency questionnaire is conducted only for adults aged 19-64 years. Therefore, we used data from a single 24-h recall period to investigate the dietary intake of older adults aged over 65 years. Participants reported all foods and drinks consumed during the previous day in face-to-face interviews. Table 1 identifies the components and standards for optimal scoring in the diet quality indices, such as KHEI, aMED, and DASH; specific details are described below.
KHEI
The KHEI was developed [33] to quantify adherence to dietary guidelines for Korean adults [34] , the 2010 Dietary Reference Intakes for Koreans [35] , and the objectives of the Health Plan 2020 [36] . The KHEI scores 14 components for a maximum total of 100 points. Eight components-whole grains, refined grains, fruit intake (excluding juice), fruit intake (including juice), vegetable intake (excluding Kimchi and pickles), vegetable intake (including Kimchi or pickles), ratio of white meat-to-red meat, and percentages of energy from carbohydrates-are worth 0-5 points; six components-breakfast, milk and dairy, protein foods, sodium, percentages of energy from empty calorie foods, and percentages of energy from fat -are worth 0-10 points.
aMED Score
The first Mediterranean diet score, developed by Trichopoulou et al. [37] , takes into account the scientific literature on diet and chronic disease risk. The score we used, aMED, was modified by Fung et al. [38] . The aMED scores nine components for a total of 9 points. The intakes of nine food groups were dichotomized using sex-specific median values as the cutoff. A score of 1 was assigned for consumption above the median level of presumed beneficial foods (whole grains, vegetables (excluding potatoes), fruit (including juice), nuts, legumes, fish, and the ratio of monounsaturated fatty acids-to-saturated fatty acids) and for consumption below the median level of presumed detrimental foods (red and processed meat), and a score of 0 was assigned for all other. For alcohol, 1 point was assigned to men who consumed between 10 and 25 g/day and to women who consumed between 5 and 15 g/day, versus a score of 0.
DASH Score
The DASH score was developed by Fung et al. [39] based on foods and nutrients emphasized or minimized in the DASH diet, according to an eating guide developed by the National Heart, Lung and Blood Institute [40] . DASH scores eight components (seven food groups and one nutrient)-each worth 5 points-for a maximum total of 40 points. The scoring system is based on sex-specific quintile rankings within the study population. Points range from 5 (highest quintile) to 1 (lowest quintile) for whole grains, vegetables (excluding potatoes), fruit (including juice), nuts and legumes, and low-fat dairy, and from 1 (highest quintile) to 5 (lowest quintile) for sugar-sweetened beverages, red and processed meat, and sodium. Among these eight components, the survey of low-fat dairy food intake was not performed in the 24-h recall portion of KNHANES. Therefore, in this study, low-fat dairy was used as a whole dairy product.
Hand Grip Strength
HGS was measured three times in each hand, using a digital hand dynamometer (digital grip strength dynamometer, TKK-5401, Takei Scientific Instruments Co., Ltd., Tokyo, Japan). Trained medical technicians instructed the seated subjects to hold the dynamometer with the second finger nodes of the working hand at an angle of 90 • to the handle and to squeeze the handle as firmly as they could. After subjects slowly stood up, HGS was measured during expiration. Between each measurement, a 60 s resting interval was allowed. The HGS value used in the analysis was the highest of the six measured values [41] .
Statistical analysis
All statistical analyses were performed using SAS software version 9.4 (SAS Institute, Cary, NC, USA). Due to the complex sampling design of the KNHANES study, the relevant primary sampling units, stratification, and sample weights were considered in our analysis. For descriptive statistics, continuous variables are expressed as weighted means and SEMs, and categorical variables are expressed as numbers and weighted percentages, using the procedures of SURVEYMEANS and SURVEYFREQ, respectively. SURVEY LOGISTIC analysis was performed to estimate the odds ratios (ORs) and 95% confidence intervals (CIs) for risk of low muscle strength across tertiles of each diet quality index, with the 1st tertile set as the reference. Model 1 was adjusted for age (years), number of physician-diagnosed chronic conditions (n), BMI (kg/m 2 ), education (≤elementary school, >elementary school), smoking (non-smoker, ex-smoker, or current smoker), alcohol consumption (never, <1 drink/month, 1 drink/month, 2-4 drinks/month or ≥4 drinks/month), energy intake (kcal), and age at menarche (women only) (years). Model 2 was adjusted for the variables in model 1, plus physical activity assessed by days of strength exercise within the last week (never, 1 day/week, 2 days/week, 3 days/week, 4 days/week or ≥5 days/week). All reported probability tests were two-sided, and differences were considered significant at the 5% level.
Results

General Characteristics
Low muscle strength was defined as the lower 20th percentile of HGS (men, 28.6 kg; women, 16.4 kg), and 344 men (19.5%) and 388 women (19.7%) were classified into the low muscle strength group. Table 2 shows the characteristics of the men and women in the highest tertile (3rd tertile; most optimal diet quality) compared with the lowest tertile (1st tertile; poorest diet quality) for each diet quality index. Across all indices, both men and women in the 3rd tertile were more likely to be more educated, never to have smoked, be more physically active, and consume dietary supplements. Across all indices, men in the 3rd tertile had a high BMI; in contrast, there was no difference in the BMI across the tertile groups among women. Across all indices, women in the 3rd tertile were more likely to be younger, have higher energy intakes, and a younger age at menarche. For DASH, men in the 3rd tertile had a higher number of physician-diagnosed chronic conditions; in contrast, women in the 3rd tertile had a lower number of physician-diagnosed chronic conditions.
Association of Diet Quality with Grip Strength
Correlations among the total scores for all pairs of indices are presented in Table 3 . For men, the correlations ranged from 0.38 (for KHEI and aMED) to 0.59 (for aMED and DASH). For women, the correlations ranged from 0.43 (for KHEI and aMED) to 0.60 (for aMED and DASH). All correlations were significant (p < 0.0001). Table 4 shows that across all indices, men and women in the 3rd tertile, compared with men and women in the 1st tertile had 32-53% lower odds of low HGS. For both men and women, when comparing the 3rd and 1st tertile, the direction and magnitude of the adjusted ORs consistently indicated an inverse association for risk of low HGS. 
Discussion
In this nationally representative cross-sectional study, we found that higher index scores for diet quality were associated with 32%-53% lower odds of low HGS in elderly Korean men and women, which were similar across all three diet quality indices-KHEI, aMED, and DASH. To our knowledge, this is the first study to identify that better overall diet quality may be associated with higher HGS in the elderly Korean population. Moreover, no previous literature studies have compared these specific indices within the same Korean population for the prevalence of low HGS.
The positive associations between diet quality and HGS are consistent with other recent (non-Korean) cross-sectional studies [15, 24] . Fanelli et al. [15] found that adherence to the DASH eating pattern was positively associated with relative HGS in men and women in the USA. Barrea et al. [24] reported a positive association between adherence to the MED and HGS in a sample of active Italian senior women, stratified according to the HGS > cutoff-point of 20 kg. Conversely, a cross-sectional study conducted in Italian elderly men and women [23] found no statistically significant associations between higher adherence to a MED and HGS, and a longitudinal study conducted in Canada [21] showed no significant association between diet quality measured using the Canadian Healthy Eating Index at baseline and the maintenance of three measures of muscle strength, including HGS.
Some studies [22, 42] have shown that high adherence to a MED is significantly related to frailty but not to HGS, one of the criteria included in the definition of frailty. Bollwein et al. [42] found an association between a healthy diet, as measured using a MED score, and lower odds of frailty (defined as having three or more of the following five criteria: weight loss, feelings of exhaustion, poor HGS, low walking speed, or low physical activity). The association existed for low walking speed and low physical activity but not exhaustion and low HGS in elderly German individuals aged 75 years or older. Talegawkar et al. [22] reported that high adherence to a MED at baseline was associated with a lower risk of developing frailty (defined as having two or more of the following four criteria: feelings of exhaustion, poor HGS, low walking speed, or low physical activity) during a 6-year follow-up in a cohort of older, community-dwelling Italian men and women aged 65 years or older. However, when the authors looked at a high adherence to a MED and the relevance of each factor to frailty, diet was significantly related to low walking speed and low physical activity but not to feelings of exhaustion or poor HGS [22] . Therefore, the current evidence regarding the relationship between diet quality and HGS is inconsistent. Some studies have examined the relationship between diet quality and leg strength (knee extension), instead of HGS, as an indicator of muscle strength. A cross-sectional study of men and women aged 60 years or older in the USA [43] found that a higher total HEI 2005 score was associated with greater knee extension strength; however, this association was not statistically significant after adjustment for physical activity. Similarly, a longitudinal study of elderly Japanese women [44] found no significant association between diet quality (dietary variety) and knee extension strength. In contrast, a longitudinal study of Finnish elderly [25] showed that adherence to the NDS predicted greater HGS and knee extension strength 10 years later among women but not among men. The results of the study on leg strength and diet quality are also inconsistent. Therefore, a comprehensive study is needed in the future.
In our study, the exact mechanism of the relationship between all three diet quality indices-KHEI, aMED, and DASH-and HGS is not known, but several possible links could mediate the positive relationships between them. For example, elderly people with healthy dietary patterns are more likely to also have a healthy lifestyle, characteristics of which include participation in physical activity and regular exercise [45] . Such activity may help prevent age-related decreases in muscle mass or function [14, 46] . Moreover, adherence to a high-quality diet, quantified using indices such as HEI, aMED, and DASH, has been shown to decrease the likelihood of obesity [47] [48] [49] , a factor closely associated with decline in muscle strength and mass [50] . In addition, higher diet quality seems to be associated with antioxidant and anti-inflammatory responses. Adherence to KHEI, aMED, and DASH eating patterns, which are rich in antioxidant nutrients such as magnesium and vitamins C and E, were associated with lower blood levels of inflammatory markers, such as C-reactive protein and interleukin-6 [51] . In particular, a high score on the aMED indicates a higher intake of omega-3 fatty acids and monounsaturated fatty acids, which appear to be associated with anti-inflammatory effects [52] . Chronic low-grade systemic inflammation and oxidative stress can generate catabolism and increase protein turnover in skeletal muscle, reducing strength [53, 54] , and can also increase the generation of reactive oxygen species, resulting in an overload of the antioxidant defense system [55] .
We observed that across all indices, both men and women in the 3rd tertile were more likely to be more educated and physically active, have never smoked, and consume dietary supplements. This is consistent with previous studies [56] [57] [58] showing that people with higher diet quality are more likely to have higher levels of education and healthier lifestyles than those who have lower diet quality. We also observed that across all indices, men in the 3rd tertile had higher BMIs, compared to those in the lowest tertile, and women in the 3rd tertile had higher energy intakes when compared to those in the lowest tertile. Given that older adults are at an increased susceptibility of malnutrition due to age-associated changes in metabolism and physiology [59] , our results demonstrate that increased BMI and energy intake may be favorable for the elderly.
In the present study, the relationship between diet quality indicators and HGS existed in both men and women. Similarly, a study of the elderly in the USA showed a relationship between diet quality and HGS in both men and women [15] . Some studies [25, 60, 61] have indicated that the effects of diet quality index or dietary pattern on HGS might be different for men and women; however, the evidence was inconsistent. One of the cross-sectional studies [60] found that a healthier eating pattern was independently associated with higher HGS in women but not in men. The longitudinal study conducted on elderly Finnish people [25] reported that the healthy NDS predicts higher HGS 10 years later in senior women but not senior men. In a longitudinal study conducted in the UK [61] , dietary patterns high in red meats, potato and gravy, or butter were associated with a lower HGS and a greater decline in HGS in men, whereas no association was observed in women. Since no other research on this topic has been conducted on Koreans, it is not possible to know whether the gender difference is dependent upon race. Further research is needed in the future.
One important limitation of this study was the inability to define causal associations with this dataset because of the cross-sectional study design. Further prospective studies are warranted to investigate the causal associations between diet quality or dietary pattern and HGS. Another limitation is that our dietary data was derived from a single 24-h dietary recall survey, which may provide an inaccurate estimate of a normal diet. However, the KNHANES report has shown that variations in data (3.9% for energy, within 10% for macro-and micro-nutrients) from a single day and 2-10 days of 24-h dietary recall were not significantly different [62] . Nevertheless, to the best of our knowledge, this is the first study identifying that better overall diet quality may be associated with higher HGS in the elderly Korean population, based on a nationally representative sample. This study has the potential to inform both policymakers and persons developing dietary guidelines about the role of diet quality or dietary patterns on the health of older adults.
Conclusions
We found that better overall diet quality may be associated with higher HGS in the elderly Korean population. Understanding the relationship between diet quality and HGS may offer opportunities for prevention and timely interventions. Future studies with larger sample sizes and prospective or interventional design are needed to further improve our knowledge about the association between diet quality or dietary patterns and HGS.
Author Contributions: O.K. and H.K. conceived and designed the study; H.K. performed the statistical analysis; H.K. wrote the paper; O.K. contributed to critical review of manuscript. All authors read and approved the final manuscript. 
Conflicts of Interest:
The authors declare no conflict of interest.
